The laryngeal mask airway (LMA) has been shown to be useful in airway maintenance during resuscitation. The intubating laryngeal mask (ILM) is a modified LMA permitting both ventilation and rapid endotracheal intubation. We aimed to compare the LMA and the ILM with regard to ease of insertion and successful ventilation by inexperienced personnel. We have used anaesthetized, apnoeic, non-paralysed patients as a model to simulate resuscitation. Following standardized training, non-anaesthetic medical staff with no previous experience in laryngeal mask airway insertion (novices) inserted either the LMA or ILM in 55 patients following induction of anaesthesia. There were no differences between the two patient groups included in our study with regard to mean age and body mass index (BMI). The success rate for inserting the airway device and achieving a significant end-tidal CO 2 recording within two minutes was 23/28 for the LMA (82.1%) and 22/27 for the ILM (81.5%). Reasons for failure included inability to insert the ILM past the teeth and insertion of the LMA upside down. There were no clinically relevant differences in the mean time to airway insertion and successful ventilation (62.6 vs 62 seconds) or expired tidal volume (781 vs 767 ml) for the LMA and ILM respectively. We conclude that the ILM is as easily inserted and effectively used as an LMA by novices and, because it allows the option of facilitating endotracheal intubation, may be the preferred device for maintaining an airway during resuscitation.
During basic life support in the hospital setting, bag facemask ventilation (BMV) is the standard method of airway management. It is recommended that the tidal volume while resuscitating an adult should be 400 to 600 ml 1 . The laryngeal mask airway (LMA) may be a useful device to maintain an airway in this situation [2] [3] [4] [5] as it has been shown to allow more effective ventilation than BMV by inexperienced personnel 6, 7 . Although endotracheal intubation remains the standard of airway control, inexperienced resuscitators find that endotracheal tube placement using direct laryngoscopy takes longer and is harder to learn than LMA insertion 8 . The intubating laryngeal mask (ILM) is a new modification of a standard LMA that facilitates control of the airway and permits both ventilation and rapid blind insertion of an endotracheal tube 9, 10 . It also provides an alternative technique for tracheal intubation in emergency resuscitation where direct laryngoscopy fails to allow visualization of the larynx for endotracheal tube placement 11 . If an ILM is as readily inserted and used by inexperienced personnel as the LMA, because it allows the option of facilitating endotracheal intubation, it may be the preferred device for maintaining an airway during resuscitation. It has been suggested that before recommending the ILM in this situation, its performance should be assessed against that of a standard LMA 12 . We therefore aimed to compare the ILM with the LMA with regard to ease of insertion and ventilation of patients by inexperienced personnel.
METHODS
Following local Ethics Committee approval, ASA 1 or 2 patients scheduled for elective gynaecological surgery, where laryngeal mask insertion was planned for airway management, were invited to participate in our study. Patients were excluded if their mouth opening or neck movements were limited, their body mass index was greater than 30, they had symptoms suggestive of gastro-oesophageal reflux, ischaemic heart disease, or restrictive lung disease, or if they had any loose teeth. All patients were given a full explanation and information sheet prior to their giving written consent. Consultants, registrars and resident medical officers from our department of Obstetrics and Gynaecology were invited to participate as airway operator "novices". No novice had any anaesthetic experience or familiarity with LMA or ILM insertion prior to the involvement in this study. Each novice was given an information sheet to read about the trial. They then received an individual standardized 30-minute training session by the same investigator (LB) on the insertion of the LMA and ILM. The novices watched the relevant 10-minute section of a video 13 detailing the technique of laryngeal mask insertion. They then practised inserting both types of size 3 laryngeal masks on a Laerdal™ resuscitation mannequin until they were comfortable with the insertion technique.
Within one year of training, each novice attended the operating theatre on up to six occasions and was randomized to insert either the LMA or ILM following induction of anaesthesia. We used six shuffled opaque sealed envelopes for each novice, three allocating an ILM and three an LMA.
All study patients were fasted but not premedicated. On entering the operating room, patients were monitored continuously with ECG and pulse oximetry. Non-invasive blood pressure measurements were recorded every minute. Intravenous access was secured and midazolam 0.02 to 0.03 mg/kg and fentanyl 1 to 2 µg/kg were administered prior to induction with bolus propofol 2 to 3 mg/kg. Patients were then ventilated manually with a facemask by the anaesthetist. Isoflurane 3% in 100% oxygen was administered via a circle breathing system. When the patient was apnoeic and assessed by the anaesthetist as having sufficient jaw relaxation for laryngeal mask insertion, the novice was instructed to choose one of his or her envelopes and prepare the allocated airway. When the novice was ready to insert the airway the timer was started. The anaesthetist administered intravenous propofol 0.5 to 1 mg/kg if indicated, in order to maintain apnoea and minimize the likelihood of patient movement during laryngeal mask insertion. Patients demonstrating active airway reflexes, such as laryngospasm or coughing, during novice attempts at airway insertion were withdrawn from the trial.
Novices were allowed to attempt airway insertion for two minutes unless the patient's SpO 2 fell to 95% or less. During the preparation and insertion period, novices were not given advice or help, and the anaesthetist only intervened if it was deemed necessary for patient safety. When satisfied with the position of the airway, the novice connected the Laerdal bag with an oxygen gas flow of 6 litres per minute and then administered three breaths. The time from attempting airway insertion until the generation of end-tidal carbon dioxide (EtCO 2 ) was noted by an independent observer (an anaesthetic theatre nurse or anaesthetist). The EtCO 2 level was recorded for each of the first three manually administered breaths. The LMA or ILM was then connected to a circle system on a Datex ™ ADU anaesthetic machine. The ventilator was set to a pressure control mode of 20 cm H 2 O, at a rate of 12 breaths per minute and an I:E ratio of 1:2. After ensuring that the ventilator bellows was fully inflated with oxygen, the oxygen gas flow was set at 1 litre per minute. The patient was then ventilated for six breaths and expired tidal volumes of the last three breaths were measured using an Ohmeda ™ model 5420 volume monitor. Failure to ventilate the patient via the LMA or ILM was defined as the novice being unable to generate an EtCO 2 after two minutes. Following the recording of these measurements the airway device was left in situ if correctly positioned for the duration of surgery and ventilation was manually controlled until the return of spontaneous breathing.
Statistics
A previous study 6 (n=30) of inexperienced personnel inserting an LMA suggested a failure rate of approximately 10%. To demonstrate a clinically relevant increased failure rate of 20%, 47 patients would be required in each group to give a power of 80% where P<0.05. Data was entered on a Microsoft Excel ™ spreadsheet for analysis.
RESULTS
Fifty-five patients were randomized for inclusion in our study. A further three patients who had consented were withdrawn prior to randomization. One withdrew before induction of anaesthesia. The novice was no longer available at the time of surgery for the second patient while the third had increased airway tone and the jaw was not relaxed enough to proceed with the trial. There were no differences between the two groups with regard to mean age, height, weight and body mass index measurements as shown in Table  1 . Twelve novices attended airway insertion training. Four novices (33%) completed their six allocated attempts at airway insertion while the remainder moved to other hospitals before the study was finished. The number and type of mask insertions and the success rate for each novice is shown in Table 2 . No patient had an arterial saturation of less than 95% or evidence of active airway reflexes, such as laryngospasm and coughing, during novice attempts at airway insertion. The success rate for inserting and achieving an EtCO 2 recording within two minutes was 23/28 for the LMA (82.1%) and 22/27 for the ILM (81.5%). The reasons for failing to achieve an adequate airway for each device are described in Table 3 . Table 4 shows the mean and standard deviations for time to airway insertion and first EtCO 2 trace, mean tidal volumes, and EtCO 2 readings for LMA and ILM patients where the novice attempted ventilation. Although no patient was excluded from our trial following randomization, tidal volumes from the first six patients have not been included in our analysis due to the oxygen flow rates being set higher than the protocol stipulated during the measurement phase. The three ILMs and three LMAs inserted in these patients were classed as successes as EtCO 2 readings exceeded 25 mmHg during bag mask ventilation, and controlled ventilation resulted in clearly adequate chest movement with no evidence of airway obstruction.
DISCUSSION
We have shown that both the LMA and ILM can be satisfactorily inserted and used for ventilation by nonanaesthetists with no previous clinical experience of laryngeal mask placement.
We used anaesthetized, non-paralysed, apnoeic patients as a model to simulate resuscitation. We elected to exclude patients who had a body mass index greater than 30 to minimize the risk of inflation of the stomach during bag mask ventilation and subsequent regurgitation and aspiration. We also felt that ethically, subject selection should be limited to patients who would normally have a laryngeal mask inserted for their surgery. Although some workers have investigated the laryngeal mask airway using a muscle relaxant technique [14] [15] , in our institution neuromuscular blocking agents are not used routinely in patients having a laryngeal mask placed during surgery. This meant that we were obliged to include only those patients having elective procedures not requiring muscle relaxation. Patients demonstrating active airway reflexes, such as laryngospasm or coughing, during novice attempts at airway insertion were withdrawn from the trial because our aim was to simulate the apnoea of a cardiac arrest. It may be that the patients' upper airway tone in our study was higher than in some resuscitation situations, which could have made laryngeal mask placement more difficult.
We had originally planned to study 100 patients, sample size comparable to other similar trials 8, 12 . However, after one year we had recruited 55 patients as several of the original novices enrolled in our study had either left our hospital or completed their allocated six mask insertions. We therefore performed an interim analysis prior to considering continuing the trial with a new set of novices. With regard to our main outcome measure of the ability of novices to insert the airway device and ventilate patients successfully, there was a difference of only 0.6% between the two devices. For our previous sample size calculation, we assumed a mean difference of 10% in the success rate for LMA and ILM groups. In the power calculation, required sample size should be inversely proportional to the square of the anticipated mean difference between the two groups. To calculate the new sample size, we multiplied the old sample size (47 x 2) by 16.6 squared (10 divided by 0.6=16.6) which equals 26111 patients. It was therefore felt that continuing the trial in an attempt to achieve statistically significant differences between ILM and LMA groups would be extremely unlikely to yield further clinically relevant data.
Although blinding was not possible, limitations of concealment and possible randomization bias was minimized by not opening the envelope for airway allocation until the patient was anaesthetized and assessed ready for LMA or ILM insertion.
We considered that the increase in failure rate compared with other studies was due to our different methodology. In several previous studies attempts at mask insertion occurred within days of the teaching 8, 14 . In our study it took up to six months for some novices to complete their allocated attempts, and often the time between teaching and first insertion was three months. Although this may seem somewhat long, it is not an unreasonable length of time, given that most non-anaesthetic trainees will only receive airway management training or resuscitation updates on an annual basis 16 and sometimes even less frequently. Another factor that may have contributed to a higher failure rate is that there was no instruction given to the novices during their attempts, which occurred in another study 8 . One study which had many similar features to ours reported similar success rates 17 . Nurses who received only annual training inserted standard laryngeal masks unsupervised during cardiac arrests. The training they received was much more extensive (classroom teaching, in vivo practice and formal assessments) which may have explained their slightly higher overall success rate of 86% compared to our rate of 80%.
Most novices did not complete their six allocated insertions. We considered that a maximum of three attempts with each airway device should not result in a great deal of learning, but there may have been an improvement in success rate between the first attempt and the third. Several novices wasted time inserting the LMA cuff upside down and one novice attempted to insert the ILM similarly resulting in the anaesthetist having to intervene because of potential damage to the patient's teeth. No such intervention was required for any of the LMA placements. A previous cadaver study showed both a small improvement in novice insertion times for the ILM compared with the LMA which was felt to have little clinical relevance. However, these workers did demonstrate a 16% increase in the incidence of achieving successful ventilation using the ILM compared with the LMA 18 . We have been unable to demonstrate any clinically relevant differences with regard to insertion times or adequacy of ventilation between the two devices.
We conclude that the ILM is as easily inserted and effectively used as the LMA by novices and, because it allows the option of facilitating endotracheal intubation, may be the preferred device for maintaining an airway during resuscitation.
Future large studies of ILM and LMA use in resuscitation should clarify their respective roles. It would be of particular interest to evaluate the ILM in the resuscitation setting and which aspects of training may improve further the success rate for ILM and LMA insertion by inexperienced operators.
